The clinical characteristics of eight pediatric and five adult patients with Chiari malformation were evaluated. Six pediatric and five adult patients had associated syringomyelia.
Introduction
The pathogenesis of Chiari malformation and associ ated syringomyelia remains controversial and the op timum treatment modalities have yet to be elucidated.
This retrospective study analyzed the clinical features and results of treatment evaluated by cine magnetic resonance (MR) imaging in pediatric and adult patients with Chiari malforma tion to elucidate any differences and to clarify the pathogenesis of Chiari malformation with syringo myelia.
Patients and Methods
Eight pediatric and five adult patients with Chiari malformation were evaluated, including clinical presentation, radiological findings, operative pro cedures, and outcome.
Seven pediatric and three adult patients underwent cine MR imaging to evaluate the cerebrospinal fluid (CSF) dynamics at the craniovertebral junction and the syringomyelic cavity. Cine MR imaging used a MRT-200 (1.5 Tesla; Toshiba Medical Co., Tokyo) with field echo TZ single-slice multiphase imaging using a high-speed scan of eight to 16 times between the R-to-R interval of the cardiac cycle. Cine MR imaging used a repeti tion time of 50 msec, echo time of 15 msec, and 256 x 256 matrix.
The entire process was repeated two times.
Results Table 1 lists the clinical features of the eight pediatric and five adult patients. The pediatric patients were aged from 3 to 19 years (mean 12.5 yrs). There were five males and three females. The adults were aged from 34 to 49 years (mean 44.2 yrs). All patients were females. Syringomyelia when present was mostly located from the upper cervical cord to either the lower thoracic cord or the conus medullaris. The most common initial symptom was gait disturbance in the pediatric patients and sensory impairment in the adult patients. The mean interval between the initial symptoms and surgery was 3 years 6 months in pediatric patients and 7 years 1 month in adults, a substantially longer interval. The surgical proce dures in pediatric patients were mostly limited to a suboccipital craniectomy and laminectomy, but one pediatric patient underwent posterior fossa decom pression and a syringocisternal shunt, while another received only a syringosubarachnoid shunt. Adult patients underwent multiple procedures including posterior fossa decompression and shunting. In two patients, muscle plugging over the central canal was performed in addition to posterior fossa decom pression. Table 2 shows radiological abnormalities associ ated with Chiari malformation.
Syringomyelia and scoliosis occurred in six and five of the pediatric pa tients, respectively, while syringomyelia occurred in all five adult patients.
Preoperative symptoms were frequent and pro gressive in both pediatric and adult patients (Table 3) . Motor weakness and sensory impairment were general and deteriorated.
Gait disturbance was seen in two of six pediatric patients with syringomyelia, in all two without syringomyelia, and in four of five adult patients.
Neurological examination found motor weakness in five pediatric patients including two without sy ringomyelia and in four adult patients (Table 4) , Evaluation of CSF dynamics: The CSF dynamics were evaluated at the craniovertebral junction and syringomyelic cavity by cine MR imaging before and after surgery (Table 5) . Preoperatively, no pulsatile movement was seen from the fourth ventricle to the syringomyelic cavity through the obex and central canal. Pulsatile movements ventral to the medulla oblongata and upper cervical cord at the craniovertebral junction were faintly present in five patients and absent in two, while one adult patient clearly showed a pulsatile movement at the cranio vertebral junction. The cisterna magna was occupied by the descended tonsils and no CSF pulsation was present. Outcome after surgical treatment: There were no major operative complications or deaths during the follow-up period ranging from 7 months to 11 years 2 months (mean 3 yrs 11 mos). The neurological signs resolved or improved in seven of eight pediatric patients and in two of five adult patients (Table 6) . One pediatric patient remained unchanged, but the syringomyelic cavity had decreased remarkably in size after 1 year and 5 months. This patient is still limping because of the severity of motor weakness and sensory deficits. Two patients without syringo myelia all improved and now lead normal lives. Motor weakness and sensory deficits improved sub stantially in pediatric patients, but in fewer adults. The collapse of the syringomyelic cavity was close ly correlated with clinical improvement in the pedi atric patients, but not in the adult patients. [5] [6] [7] [12] [13] [14] 17, 18, 24) This pattern was true in both the pediatric and the adult groups in this series, except for the lower cranial nerve pareses seen in the pediatric patients without syringomyelia.
Motor deficits were one of the most frequent symptoms and were considered to be a central cord syndrome.
The adult patients demonstrated muscle atrophy and sensory deficits more frequently than the pediatric patients. Segmen tal dissociated modality was frequent in both pediatric and adult patients with syringomyelia. Scoliosis occurred only in the pediatric patients with syringomyelia, and cranial nerve pareses were not as sociated with syringomyelia.
Scoliosis is an impor tant sign in pediatric patients, especially associated with syringomyelia.5-7,17,18,23) Chiari malformation should thus be considered if scoliosis either pro gresses or is associated with neurological signs.
Normal and abnormal CSF flow can be evaluated using cine MR imaging. 4, 8, 11, 15, 19, 20, 26) The cardiac gated gradient echo MR technique can demonstrate a downward (caudal) flow of CSF in the aqueduct of Sylvius, the foramen of Magendie, the basal cisterns, and the dorsal and ventral subarachnoid spaces dur ing systole, and an upward (cranial) flow of CSF in these same structures during diastole.20) The fourth ventricle and cisterna magna act as chambers for mix ing CSF and craniocaudal and caudocranial flow can often be detected.') CSF motion in the subarachnoid space anterior and posterior
to the spinal cord demonstrate synchrony, and velocities posterior to the cervical cord are lower and more variable. The downward flow of CSF is greatest in the cervical region and most noticeable in the ventral subarachnoid space.") In contrast, the CSF flow in Chiari malformation diminishes or disappears at the craniovertebral junction and no pulsatile move ment from the fourth ventricle to the cisterna magna through the foramen of Magendie is ob served. 4,19,z0,26) The cisterna magna is obstructed by the descent of both cerebellar tonsils, so no flow movement occurs. In our series, no CSF flow was observed from the fourth ventricle to the syringo myelic cavity through the central canal, suggesting that muscle plugging of the central canal of the fourth ventricle was unnecessary.
Pulsatile move ment in the syringomyelic cavity was observed in all patients as a to-and-fro movement, but no jet flow was detected.
The surgical management of Chiari malformation has centered on posterior fossa decompression in cluding suboccipital craniectomy, laminectomy, and dural grafting. Opening of the fourth ventricle is recommended when the foramen of Magendie is ob structed by arachnoidal adhesion 2,3,12-14,zl,zz,z4,z7,zs> Muscle plugging into the central canal remains con troversial, 3,9,12-14,27) and our cine MR imaging results suggest this procedure is unnecessary. Laminec tomy and shunting may be indicated for patients with signs only due to syringomyelia or as a sec ond procedure after posterior fossa decompres sion. 1,10,14,16,25,27) However, the syringomyelic cavity might be reduced by decompression of the foramen magnum, even if the syringomyelic cavity is sepa rate from the craniovertebral junction. Cine MR imaging also disclosed normalization of the CSF flow and decreased to-and-fro movement in the sy ringomyelic cavity.
In our series, seven of eight pediatric patients and two of five adult patients improved after surgery, which compares favorably with other series. Levy et al. 12) reported that 46% and 32% of the patients im proved and stabilized after surgery, while in a large series of over 60 cases, 30-70% of the patients im proved, 15-40% stabilized, and 8-28% deterio rated.9,12,13,22) Saez et al.22) reported a better clinical outcome for patients with foramen magnum symp toms, paroxysmal intracranial hypertension, and cerebellar dysfunction, and a less favorable outcome in patients with central cord signs. We also noted that patients with central cord signs responded less well to treatment.
The clinical characteristics of pediatric and adult patients with Chiari malformation have been com pared previously. Dyste and Menezes6) described 16 pediatric and 34 adult patients.
In the pediatric group, 37.5% became asymptomatic, 50% im proved, and 12.5% remained the same. The au thors pointed out that surgery should attempt to correct the abnormal CSF pathways and bony ab normalities at the craniovertebral junction. In our series, seven of eight pediatric patients improved with posterior fossa decompression, especially those without syringomyelia, and the CSF path ways at the craniovertebral junction were corrected in all of them. Two of the five adult patients im proved but two became worse. However, there is still some discrepancy between the correction of the abnormal CSF pathways at the craniovertebral junction and a reduced syringomyelic cavity, and the improvement of clinical features. Further inves tigations are required to clarify the pathogenesis of Chiari malformation. 
